[Abstract] The displacement assay was designed to quantify the direct competition between two homologous ribosomal proteins from Mycobacterium tuberculosis, S18-1 and S18-2, for interaction with their cognate binding partner, ribosomal protein S6 (Prisic et al., 2015) . The S18 proteins were dialyzed in two physiologically relevant conditions (i.e. in the presence of Zn 2+ or with EDTA to chelate Zn 2+ ) and then allowed to compete for binding to S6 which was maintained in limiting concentration. The result was obtained through an ELISA, where S6-His is first bound to a Ni 2+ -NTA plate, followed by addition of S18-2 in excess to S6, then by addition of increasing concentrations of S18-1. The percentage of S18-2 that remained bound to S6 was quantified with antibodies specific to the S18-2 protein and secondary antibodies, in chemiluminescent ELISA. In this way displacement of S18-2 protein by the S18-1 protein was reported as a percentage of the full strength signal achieved through saturation of S6 with S18-2. At its foundation, this method exploits a native protein-protein interaction and could be applied to other systems where two or more proteins compete for binding to a target ligand as above.
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Materials and reagents

Procedure
In this experiment we have defined the His-tagged cognate binding partner as the immobilized ligand (S6-His) that interacts with two competing proteins, which are not immobilized (S18-1 or S18-2). Either of the two competing binding partners could be used to displace the other. However, we had antibodies only against the S18-2 protein and therefore the displacement protocol described here allows for detection of the S18-2 protein remaining bound to the S6 protein after displacement with the S18-1 protein. In pmol/well. We tested a range of His-tagged protein amounts from 5-150 pmol/well and found that the signal was saturated at 80 pmol when using 200 µl volume per well.
Therefore, we used less than 80 pmol/well of the S6-His protein for the assay to ensure the molar concentrations of the competing untagged S18 proteins would be in excess of the His-tagged protein bound to the plate. Always use freshly purified and refolded proteins (or thawed aliquots stored at -80 °C) and ice-cold buffer for all dilutions and washes to maintain integrity of the ribosomal proteins throughout the assay.
1. To begin this experiment purified recombinant proteins are needed. If His-tag is used for purification, the competing proteins, as in case of S18-1 and S18-2, must have their tags removed while the cognate protein/ligand, i.e. S6 protein, must remain
His-tagged. As described previously (Prisic et al., 2015) , we used hexa-histidine tags for S18-1, S18-2, and S6 and purified the recombinant proteins on cobalt columns under denaturing conditions and then refolded by dialysis. Using an engineered TEV cleavage site, we removed the histidine tag from S18-1 and S18-2 with TEV protease, followed by purification of the cleaved proteins with a His-tag purification resin matrix.
2. Ensure the proteins are all in the same buffer; in this case MST buffer was used. If they are not in the same buffer they should be re-dialyzed or buffer should be exchanged using gel filtration. The ribosomal proteins were refolded and stored in MST buffer, which was optimized for binding studies using microscale electrophoresis (Prisic et al., 2015) . Considering that we observed strong interaction between S6 and each S18 protein in this buffer, we decided to use the same conditions in the displacement assay. 
Determine the concentration of the proteins. For the ribosomal proteins we used
BioRad protein concentration assay, a modified Bradford method. BSA standards were prepared in MST buffer and protein concentration was determined from the standard curve when measuring the absorbance at 595 nm in a microplate reader.
Molecular weights of the proteins were 11.9 kDa for S6-His, 9.6 kDa for S18-1 and 9.8 kDa for S18-2. The molar concentration of the proteins was determined from the protein concentration given from the Bradford assay using the following formula: 12. Incubate plate for 30 min at room temperature with shaking (300 rpm) on a bench top plate shaker.
13. Discard the solution from the plate and wash as done in step 6.
14. Prepare the primary antibody (antibody specific to one of the competing proteins, in our case it was against S18-2) at 1:1,000 dilution in MST with 3% BSA. that displacement of P1 by P2 occurs, some of the P1 that was originally bound to L will be replaced with P2. The amount of P1 that is displaced will be dependent on the ratio of P2/P1 that was added to the well, with higher ratios leading to less P1 that remains bound with L. d). The result of the displacement assay is obtained through an ELISA with primary antibodies specific to P1 and secondary antibodies conjugated to horseradish peroxidase (HRP). Light emitted from a luminescent HRP substrate is P1 concentration-dependent and displacement is determined through normalization of the signal from each well to one in which no P2 was introduced (i.e. full saturation of L with P1). e). Displacement can be
